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INTRODUCTION 


At  the  outset  of  the  cotton-ginning  investigations  excessive  moisture 
in  seed  cotton  was  found  to  be  one  of  the  primary  factors  causing 
rough  ginning.  It  resulted  largely  from  harvesting  cotton  in  a  green, 
damp,  or  wet  condition.  Bad  weather,  rank  stalk  growth,  and  other 
causes,  often  beyond  the  grower's  control,  add  to  the  difficulty  of 
picking  cotton  in  an  ideal  state  of  moisture.  In  an  effort  to  overcome 
these  obstacles  to  good  ginning,  the  Department  began  a  study  of 
the  problem  in  1926,  and  in  1930  established  the  United  States  Cotton 
Ginning  Laboratory  at  Stoneville,  Miss. 

The  laboratory  developed  and  tested  a  vertical  drier  for  seed 
cotton.  It  proved  satisfactory  and  was  immediately  adopted  by  sev- 
eral manufacturers  of  gin  machinery  and  equipment.  Various  meth- 
ods other  than  the  tower  of  the  original  design  have  been  employed, 
and  many  of  these  have  been  thoroughly  investigated.  Results  of  the 
laboratory  tests  have  been  published,2  and  the  benefit  of  the  process 

1  The  cotton-quality  studies  involved  in  the  development  of  cotton-drying  processes  and 
apparatus  by  the  Department  are  part  of  the  program  of  work  of  the  cotton  quality  and 
standardization  research  under  the  general  direction  of  E.  W.  Webb,  principal  cotton  tech- 
nologist, and  the  immediate  supervision  of  Francis  L.  Gerdes,  cotton  technologist.  Division 
of  Cotton  Marketing,  Agricultural  Marketing  Service.  Acknowledgment  is  also  made 
to  R.  D.  Williams  and  Fairbanks,  Morse  &  Co.,  for  information  furnished  for  use  in  the 
preparation  of  this  publication. 

2  Gekdes,  Francis  L.,  and  Bennett,  Charles  A.     effect  of  artificially  drying  seed 

COTTON  BEFORE  GINNING  ON  CERTAIN  QUALITY  ELEMENTS  OF  THE  LINT  AND  SEED  AND  ON 

the  operation  of  the  gin  stand.  U.  S.  Dept.  Agr.  Tech.  Bull.  508,  62  pp.,  illus.  1936. 
Out  of  print. 

Martin,  William  J.,  and  Bennett,  Charles  A.     drying   seed  cotton.     U.   S. 

Dept.  Agr.  Leaflet  181,  8  pp.,  illus.     1939. 

Bennett,  Charles  A.,  and  Shaw,  Charles  S.  overhead  cleaner-drying  systems 
for  seed  cotton.    U.  S.  Dept.  Agr.  Misc.  Pub.  314,  20  pp.,  illus.     1938. 
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to  the  industry  is  attested  by  the  increase  in  the  number  of  installa- 
tions during  recent  years.  In  1931  there  were  only  15  driers,  and  it 
is  estimated  that  they  handled  25,000  bales;  whereas  in  1938  there 
were  more  than  800  driers,  handling  almost  1,000,000  bales.  The 
location  of  these  various  installations  are  shown  in  figure  1.  The 
heaviest  concentrations  are  in  the  Mississippi  Valley,  but  gins  in  many 
other  areas  are  also  finding  it  advantageous  to  employ  the  drying 
process.  Aside  from  the  value  benefits  to  the  farmer,  which  are  often 
several   dollars   per  bale,   drying  permits  better  gin   performance. 


Figure  1.- 


-Location  of  cotton  gins  in  the  United  States  equipped  with  cotton 
driers  in  season  1938-39. 


Chokage  and  loss  of  time,  so  common  when  cotton  is  damp  or  wet, 
are  eliminated,  and  the  effectiveness  of  cleaners,  extractors,  and  other 
auxiliary  machinery  is  increased. 

The  growing  interest  in  the  drying  process  and  drying  equipment, 
which  is  becoming  almost  universal  throughout  the  Cotton  Belt,  has 
brought  about  a  need  for  more  economical  installations  that  can  be 
used  in  the  smaller  plants.  Likewise  the  larger  gins  will  be  in  a 
better  position  to  improve  their  service  to  customers  if  the  operating 
costs  of  drying  can  be  kept  low.  With  this  in  mind  the  laboratory 
has  investigated  the  various  sources  of  heat  suitable  for  cotton 
drying. 

At  present  heat  is  derived  from  three  sources :  Steam,  furnaces,  and 
waste  heat  from  internal-combustion  engines.  A  survey  made  during 
the  operating  season  of  1938-39  revealed  that  of  450  gins  reporting 
the  use  of  cotton  driers,  73  percent  used  steam  boilers;  20  percent, 
furnaces;  and  7  percent,  heat  from  their  engines.  In  the  latter  group, 
it  was  usually  necessary  to  supplement  the  recovered  waste  heat  with 
heat  from  one  of  the  two  other  sources  in  order  to  attain  the  higher 
temperatures  sometimes  needed  under  extreme  conditions.  Of  the 
gins  reporting,  35  percent  used  coal,  31  percent,  oil,  26  percent,  gas, 
and  8  percent,  wood.  Wherever  coal  or  wood  was  burned,  the  hulls 
and  gin  trash  were  advantageously  disposed  of  as  fuel. 
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The  good  results  of  drying,  as  reported  in  the  survey,  were  pro- 
nounced and  included  better  gin  operation  and  improved  service  to 
customers.  For  a  group  of  gins  having  an  average  fuel  cost  of  about 
13  cents  per  bale  for  drying,  value  benefits  were  reported  to  average 
$5  per  bale  for  wet  cotton  and  $1.50  per  bale  for  comparatively  dry 
cotton. 

No  damage  to  the  quality  of  the  lint  was  evidenced  when  driers 
were  operated  within  the  proper  temperature  limits.  The  drying 
process  is  not  designed  to  completely  take  care  of  extremely  wet  cot- 
ton. For  the  usual  run  of  damp  or  wet  cotton,  the  drying  tempera- 
tures should  not  exceed  160°  F. ;  preferably  they  should  not  exceed 
150°.  A  slightly  higher  temperature  can  be  used  with  very  wet 
cotton,  but  under  no  circumstances  should  it  exceed  200°.  High-tem- 
perature "bakes"  the  cotton,  weakens  the  strength  of  the  fiber,  and 
injures  the  spinning  quality.  It  is  better  to  pass  wet  cotton  twice 
through  a  drier  operated  at  a  moderate  temperature  (150°)  than  to 
put  it  through  once  at  a  temperature  above  200°.  It  slows  down  the 
ginning,  but  many  ginners  do  it  to  preserve  the  staple  length.  An- 
other important  consideration  is  the  fact  that  operating  cost  appears 
to  be  directly  proportional  to  the  temperature.  The  survey  revealed 
that  there  was  a  50-percent  increase  in  cost  between  drying  at  tem- 
peratures that  averaged  140°  and  at  temperatures  of  about  210°. 

Many  factory-built  cotton  driers  are  available  in  the  open  market, 
most  of  which  are  illustrated  and  described  in  a  bulletin  of  the  De- 
partment of  Agriculture.3  Practically  every  manufacturer  of  this 
equipment  is  prepared  to  adapt  the  installation  to  any  existing  gin 
set-up,  and  it  is  often  advantageous  to  utilize  the  available  facilities. 
It  is  the  purpose  of  this  publication  to  acquaint  the  reader  with  the 
various  sources  of  heat  that  can  be  used  in  connection  with  any  type 
of  cotton  drier  and  to  give  the  most  practicable  methods  of  employing 
them. 

STEAM  HEAT 

In  the  majority  of  cotton  driers,  steam  has  been  used  as  the  source 
of  heat.  The  average  cost  of  fuel  for  drying  by  this  method  was 
shown  by  the  survey  to  be  slightly  over  16  cents  per  bale.  In  most 
instances  live  steam  has  been  used  under  pressures  varying  from  50 
to  100  pounds  gage,  but  exhaust  steam  has  also  been  successfully 
employed  with  or  without  some  supplemental  live  steam.  Based  upon 
the  requirements  for  heating  a  volume  of  air  adequate  for  drying  100 
pounds  of  seed  cotton  per  minute,  the  Government  designs  of  driers 
have  customarily  required  a  30-horsepower  or  larger  steam  boiler. 
The  vertical  type  of  boiler  is  preferred  because  it  occupies  little  floor 
space,  supports  its  own  stack,  and  may  be  cheaply  insulated.  The 
cost  for  new  boilers  averages  about  $25  per  boiler  horsepower,  in- 
cluding installation,  piping,  and  fittings,  but  excluding  the  steam 
radiator.  With  either  live  or  exhaust  steam,  it  is  highly  desirable 
to  place  the  radiator  4  feet  or  more  above  the  water  line  of  the  boiler 
so  that  the  return  check  valve  may  be  far  enough  below  the  bottom 
of  the  coils  to  be  operated  by  the  water  leg  of  returning  condensation. 

3  Bennett,  Charles  A.,  Baggette,  T.  L.,  and  Gerdes,  F.  L.  modernizing  cotton  gins. 
TJ.  S.  Dept.  Agr.  Farmers'  Bull.   1802,  52  pp.,  illus.      1938. 
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The  elements  of  design,  piping,  and  velocities  have  been  covered  in 
other  publications.4  In  some  gins  the  steam  coils  or  radiators  are 
located  in  the  engine  room  (fig.  2,  A)  or  are  placed  adjacent  to  the 
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Figure  2. — Typical  locations  for  steam  coils  or  radiators:  A,  Suspended  in  the 
engine  room;  B,  adjacent  to  the  drier  separator. 

drier  separator  at  some  convenient  location  in  the  ginning  spaces 
(fig.  2,  B).    Supply  and  return  piping  should  be  as  direct  as  possible, 


4  See  last  two  references  in  footnote  2. 
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and  where  exhaust  steam  is  utilized,  the  return  should  be  carried  to  a 
hot  well  for  most  economical  operation,  because  the  boiler  feed  pump 
may  then  return  the  hot  water  to  the  boiler.  It  is  not  necessary  to 
have  individual  control  valves  for  steam  coils  regardless  of  the  num- 
ber of  sections,  because  one  main  supply  valve  may  be  properly 
throttled  to  control  the  temperature  as  desired. 

The  steam  coils  or  radiators  may  be  on  either  the  suction  or  dis- 
charge side  of  the  drying  fan,  although  the  discharge  side  is  pre- 
ferred, because  greater  quantities  of  air  can  then  be  handled  through 
the  fan  at  any  given  speed.  The  temperature  may  be  controlled  by 
the  operation  of  the  supply  valve  or  by  employing  the  system  which 
utilizes  a  cold-air  damper  alongside  the  radiator,  permitting  any 
desired  volume  of  air  to  bypass  the  radiator  and  mix  with  the  heated 
air.  This  procedure  has  a  number  of  advantages  and  can  be  regu- 
lated from  the  ginning  floor  by  means  of  a  rod  or  a  cable  attached 
to  the  damper. 

Steam  pipes  and  heating  elements  inside  the  drier  are  sometimes 
substituted  for,  or  used  in  conjunction  with,  radiators  or  ordinary 
steam  coils  which  have  been  described.  Figure  3  shows  two  driers 
that  provide  the  heating  elements  within  the  body  of  the  drier  itself. 
In  one  of  the  air-cleaner  methods  (fig.  3,  A)  there  are  12  factory- 
built  heater  elements  supplied  with  steam  at  from  50  to  100  pounds 
gage  pressure,  requiring  the  standard  30-horsepower  boiler.  These 
12  elements  produce  ample  heat  for  the  drying  process.  In  figure  3, 
B,  where  the  floors  of  the  Government-designed  vertical  drier  are 
supported  by  iron-pipe  steam  coils,  some  form  of  supplementary  heat 
must  be  added  in  the  case  of  low  towers.  Tests  at  the  United  States 
Cotton  Ginning  Laboratory  on  a  seven-floor  tower  gave  a  tempera- 
ture rise  of  approximately  65°  F.  within  the  drier,  necessitating 
an  addition  of  heat  to  supply  the  remaining  35°,  which  was  desired 
for  optimum  drying.  In  recently  developed  forms  of  combined  driers, 
where  a  low  tower  is  used  in  tandem  with  a  secondary  drying  process 
in  the  extractor  cleaner-feeders,  the  additional  heat  may  be  supplied 
from  the  steam  coils  which  heat  the  air  for  the  feeders,  or  low-tem- 
perature drying  may  be  partly  accomplished  in  the  tower  and  the 
process  continued  in  the  feeders  by  using  a  fresh  volume  of  heated  air. 

FURNACE  HEAT 

The  increasing  use  of  cotton  driers  and  the  necessity  for  greater 
simplicity  in  smaller  installations  has  focused  attention  upon  the 
utilization  of  furnaces  instead  of  steam.  Gins  employing  furnaces 
as  their  source  of  heat  for  cotton  drying  during  the  1938-39  season 
reported  an  average  fuel  cost  per  bale  of  12  cents.  An  outstanding 
advantage  of  furnace  heat  is  that  a  licensed  operator  is  not  required 
in  those  States  which  have  statutes  governing  the  operation  of  steam 
generators,  and  there  is  little,  if  any,  loss  of  time  between  firing  up 
and  using  the  heater. 

Furnaces  may  be  constructed  in  horizontal  or  vertical  form  and 
may  be  of  sheet  metal  or  cast  iron.  The  larger  units  available  are 
horizontal  and  are  equipped  principally  with  ribbed  castings  so  that 
they  will  not  corrode  and  hence  will  give  long  service.  Suitable  in- 
sulating jackets,  to  enclose  the  furnaces,  for  making  the  outfit  into  a 
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compact  rectangle,  are  sold.  For  a  5-80  gin  these  jackets  require  a 
floor  space  of  approximately  4  by  8  feet.  Blow -through  furnace 
designs  are  frequently  preferable  for  cotton  driers,  because  any  leak- 
age of  air  at  the  furnace  seams  causes  a  flow  of  air  into  the  combus- 
tion spaces  and  consequently  does  not  introduce  soot  or  sparks  into 


FiGUBE  3. — Heating  units  within  the  drier:  A,  Multiple-cylinder,  axial-flow  air- 
line cleaner-drier ;  B,  steam  coils  beneath  the  floor  of  a  Government-designed 
tower  drier. 


the  drying  system.  On  the  other  hand,  draw-through  furnace  systems 
have  been  giving  excellent  results  when  properly  screened  and  pro- 
vided with  leakproof  firebox  joints. 

Although  coal  or  wood  may  be  used  in  these  furnaces,  the  modern- 
ized cotton  gins  have  oil-  or  gas-burning  furnaces  because  of  the  ease 
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of  control  and.  economy  in  labor.  Figures  4  and  5  illustrate  three 
types  of  oil-burning  furnaces  now  in  use  with  cotton  driers.  The 
cylindrical  furnace  has  the  usual  firebox  radiator  and  passages,  while 
the  rectangular  furnace  is  comprised  of  4-inch  boiler  tubes  in  a  casing 
placed  upon  a  firebrick  combustion  box  with  special  baffles.  Greater 
volumes  of  air  are  being  handled  in  the  rectangular  furnaces  with  the 
tubes  than  in  the  vertical-cylinder  type  of  furnace,  but  the  cast-iron 
commercial  heating  furnaces  previously  described  have  thermal  ca- 
pacities up  to  800,000  British  thermal  units  per  hour  and  will  satis- 
factorily handle  6,000  or  7,000  cubic  feet  of  air  per  minute.     The 


Figure  4.— Types 


of  oil-burning  furnaces:  A,  Cylindrical;  B, 
boiler  tubes  and  firebrick  combustion  box. 


rectangular,  with 


cast-iron  furnace  is  a  large,  conventional,  house  furnace,  with  care- 
fully cemented  joints  and  protective  screens  at  the  air  intakes  which 
serve  a  draw-through  s}^stem  of  drying. 

In  any  oil-burning  furnace  it  is  desirable  to  produce  smokeless 
combustion.  This  is  usually  obtained  by  allowing  ample  refractory 
surfaces  so  that  1  cubic  foot  of  firebox  volume  does  not  have  to  burn 
more  than  5  pounds  of  oil  per  hour.  It  is  very  important  in  oil- 
burning  furnaces  that  the  flames  from  the  burner  shall  not  be  allowed 
to  strike  the  tube  ends  or  furnace  plates,  because  impingement  of  the 
flames  against  metal  parts  of  the  furnace  will  lead  to  their  rapid 
oxidation  and  destruction. 

One  of  the  most  successful  gas-burning  furnaces  for  cotton  drying 
is  known  as  the  direct-fired  type  (fig.  6)  and  draws  or  blows  the  air 
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Figitke   5.— House-type  200.000-British-thermal-unit   east-iron   furnace   in   brick- 
work housing  for  exterior  installation. 


Figube  6.— Direct-fired  gas  heaters:  A.  Horizontal-cylindrical  type;  B, 
rectangular-upright  type. 
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directly  through  the  gas  flames.  The  direct-fired  gas  heaters  shown 
in  figures  6,  A,  and  7  may  be  obtained  in  different  capacities,  but  one 
suitable  for  750,000  British  thermal  units  per  hour  is  customarily 
recommended  for  the  Government-designed  vertical  driers.  Smaller 
sizes  are  in  use  for  some  of  the  other  drying  systems.  The  premixing 
heaters  utilize  a  small  volume  of  air  at  air-blast  gin  pressure  for 
obtaining  proper  combustion. 

Natural  gas  or  butane  fuel  may  be  used  in  gas-burning  furnaces. 
The  increasing  use  of  butane  fuel  has  brought  about  the  use  of  a 


Figtjke  7. — Ring-type  premixing  direct-fired  gas  heater. 

number  of  gas-burning-furnace  installations  with  very  satisfactory 
results.  A  direct-fired  heater  which  is  using  butane  gas  is  shown  in 
figure  6,  B. 

ENGINE  WASTE  HEAT 

Utilization  of  engine  waste  heat  for  drying  cotton  was  first  under- 
taken in  1936,  since  which  time  the  Cotton  Ginning  Laboratory  has 
been  actively  cooperating  with  manufacturers  of  internal-combustion 
engines  5  in  an  endeavor  to  improve  methods  for  using  waste  heat. 

If  waste  heat  from  internal-combustion  engines  is  to  be  fully  uti- 
lized, it  must  be  reclaimed  from  both  the  engine-cooling  water  and 
the  exhaust  gases.  Approximately  2,900  British  thermal  units  per 
hour  for  each  actual  brake  horsepower  delivered  by  the  engine  may 
be  obtained  in  an  efficient  system  of  waste-heat  recovery  from  the 


5  See  the  following  publications  :  Bennett,,  Chas.  A.,  and  Stedronskt,  Victor  L.  engine 
heat  for  cotton  driers.  Cotton  Ginners'  Jour.  9  (4)  :  [5]-6,  18-19,  illus ;  (7)  :  26,  28, 
30,  48-49,  illus.     193S. 

and  Stedronskt,  Victor  L.     construction  of  engine  waste  heat  generators. 

Cotton  Ginners'  Jour.  9   (6)  :   [5]-6,  14,  26,  29,  illus.     1938. 
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cooling  water  and  exhaust  gases.  A  number  of  installations  of  this 
type  were  in  use  during  1938-39,  and  the  average  fuel  cost,  as  reported 
in  the  survey,  was  slightly  less  than  6  cents  per  bale. 

Engine-Cooling- Water  Radiators 

Different  types  of  engines  have  significant  differences  in  their  cool- 
ing-water requirements,  and  these  must  be  ascertained  from  the  manu- 
facturer, but  the  waste-heat  recovery  from  the  cooling  water  will  be 
100-percent  efficient  if  the  cooling  coil  is  large  enough  to  maintain  a 
constant  jacket  temperature  for  the  engine.  Approximately  304 
square  feet  of  radiation  surface  in  standard  iron-pipe  heaters,  or  its 
equivalent  in  fin-type  radiators,  has  been  satisfactory  for  cooling 
internal-combustion  engines  up  to  120  horsepower.  To  avoid  hazard, 
the  radiator  should  be  oversize,  since  trouble  may  result  if  it  is  under- 
size  or  if  its  intake  is  not  properly  screened. 

The  use  of  a  closed  system  with  soft  water  is  advantageous  to 
smooth  operation  of  the  engine  and  elimination  of  scale  formation 
within  the  water  jacket.  The  use  of  an  auxiliary  cold-water  supply 
at  the  intake  of  the  circulating  pump  to  counteract  engine-tempera- 
ture rises  due  to  undersized  or  poorly  screened  radiators  is  unsatis- 
factory because  it  deprives  the  ginner  of  an  appreciable  quantity  of 
waste  heat  and  is  also  likely  to  damage  the  engine.  For  effective 
waste-heat  recovery  from  the  engine-cooling  water,  it  is  also  undesir- 
able to  employ  a  secondary  cooling  tower  in  combination  with  the 
primary  water  coils  from  the  engine  circulating  system  because  an 
ample-sized  radiator  will  render  this  unnecessary  and  will  prevent 
undue  loss  of  usable  heat.  For  best  waste-heat  recovery  from  the 
engine-cooling-water  system,  the  surge  tank  should  be  relatively  small 
and  should  be  placed  on  the  discharge  side  of  the  radiator  with  its 
main  connection  directly  to  the  pump  suction.  This  method  requires 
a  minimum  quantity  of  water  in  the  system  and  gives  maximum  pro- 
tection by  assuring  a  supply  of  water  to  the  pump  suction  at  all  times. 
A  gage  glass  on  the  side  of  the  surge  tank  permits  a  visual  check  on 
the  amount  of  water  in  the  system. 

Some  cotton  gins  having  Government-designed  vertical  driers  de- 
sire to  employ  them  throughout  the  entire  season,  utilizing  their 
opening  and  cleaning  effects  on  average  dry  cottons  at  minimum 
temperatures.  This  may  be  accomplished  even  where  radiators  are 
used  for  engine  cooling  by  placing  a  bypass  box  between  the  radiator 
and  exhaust  generator  so  that  the  air  volume  will  pass  from  the 
radiator  to  the  drying  system.  The  bypass  box  developed  by  the 
Cotton  Ginning  Laboratory  for  this  purpose  is  approximately  15 
inches  deep  and  is  equipped  with  balanced  dampers  actuated  from  one 
linkage  so  that  opening  the  bypass  damper  automatically  shuts  off 
the  air  flow  through  the  exhaust  generator  and  furnace.  The  engine 
is  thus  cooled  at  drying-air  temperatures  which  are  usually  below 
120°  F.  and  are  not  objectionable  for  use  with  dry  cottons. 

Engine-Cooling-Water  Radiators  and  Engine  Exhaust 

Two  installations  showing  the  use  of  cooling  water  and  engine  ex- 
haust are  illustrated  in  figure  8.    The  cooling-water  radiators  may  be 
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observed  at  the  side  of  the  engine,  while  the  exhaust -heat  generator 
is  directly  behind  and  connected  to  the  engine  cylinders.  With  these 
systems  it  has  been  observed  that  the  air  for  the  drier  was  heated 
about  42°  F.  by  the  cooling- water  radiator  and  an  additional  20°  by 


Figube  S. — Waste-heat-recovery  installations  employing  both  engine-cooling 
water  and  engine-exhaust  gases :  A,  Unconnected  engine  radiator  at  upper 
right — note  the  heat  generator  at  lower  left  for  future  furnace  connections 
and  the  smokestack ;  B.  engine  radiator  fully  enclosed  for  flow  through  of 
cooling  air  to  engine-exhaust-heat-recovery  unit. 
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the  engine  exhaust.  An  addition  of  10°  of  temperature  is  usually 
obtained  by  the  heat  added  in  the  fan  compression  and  friction  so 
that  many  of  the  successful  engine  waste-heat-recovery  systems  for 
cotton  drying  with  the  larger  sizes  of  Diesel  engines  have  been  able 
to  operate  most  of  the  time  very  effectively  without  requiring  make-up 
or  additional  heat.  A  drying  temperature  of  155°  has  been  quite 
common  in  such  cases. 

The  design  of  the  exhaust-gas  passages  in  the  heat  generator  must 
provide  adequate  flow  areas  having  the  necessary  low-resistance  pres- 


Figuee  9. 


-Waste-heat-recovery  system  using  engine-cooling  water 
supplementary  oil-burning  furnace. 


.nd  a 


sures  to  comply  with  requirements  of  the  engine  manufacturers.  It 
must  also  afford  an  equalized  distribution  of  air  over  the  radiator 
and  tube  surfaces  either  by  air  splits,  inlet  adapters,  or  other  means. 
Although  strong  manifolds  (fig.  14,  C)  of  large  area  are  used  in  the 
latest  types  of  connections  between  engine-exhaust  parts  and  heat 
generators  to  reduce  pulsation,  it  is  also  imperative  that  the  surfaces 
of  the  exhaust  passages  in  the  generator  be  sturdily  constructed  to 
avoid  cracking  and  leakage. 

Engine-Cooling-Water  Radiators  and  Oil-Burning  Furnace 


Some  operators  of  waste-heat-recovery  systems  have  disregarded 
the  exhaust  heat  and  have  made  use  only  of  the  cooling-water  radia- 
tor in  combination  with  a  supplementary  furnace.  An  example  of 
this  kind  is  shown  in  figure  9,  where  the  cooling-water  coils  for  the 
engine  were  placed  ahead  of  the  furnace  section  and  the  entire  appa- 
ratus was  located  in  the  engine  room  of  the  cotton  gin.  A  gas-fired 
furnace  can  be  used  with  equal  facility  in  this  arrangement. 


sources  of  heat  for  cotton  drying 
Engine  Exhaust  and  Oil-Burning  Furnace 
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In  some  cotton-ginning  installations  it  is  rather  difficult  to  provide 
a  cooling-water  radiator  in  place  of  an  outside  cooling  tower,  but 
•cotton  driers  have  been  operated  successfully  with  heat  derived  from 
engine-exhaust  gases  supplemented  by  heat  from  oil-burning  or  gas- 
burning  furnaces  (fig.  10) .    In  figure  10,  A,  a  pair  of  factory-built  heat 


Figure  10. — Combinations  of  engine-exhaust  heat  and  furnaces :  A,  Factory-built 
heat  generators  with  a  natural-gas  furnace;  B,  a  home-made  heat  generator, 
using  a  house  furnace  and  an  old  boiler  for  extracting  the  exhaust  heat. 
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generators  accomplish  this  purpose.  The  left-hand  generator  extracts 
the  heat  from  the  exhaust  gas  and  the  right-hand  generator  brings 
up  the  temperature  to  the  desired  level  by  means  of  a  furnace  fired 
with  natural  gas.  Figure  10,  B,  shows  a  home-made  waste-heat- 
generator  system  in  which  an  oversize  house  furnace  was  used  for 
primary  heat  and  and  an  old  boiler  provided  the  supplemental  heat 
from  the  exhaust.  The  discharge  of  the  drying  fan  is  connected  to 
the  top  of  the  furnace,  through  which  the  air  flows  across  the  heating- 
surfaces  and  from  which  it  emerges  at  the  bottom  of  the  furnace, 
traveling  to  the  firebox  and  tube  spaces  of  the  old  boiler,  through 
which  it  passes  upward  and  thence  to  the  drier.  The  exhaust  gases 
from  the  engine  are  introduced  into  the  shell  of  the  boiler  in  the 
spaces  previously  occupied  by  water  and  flow  downward  around  the 
tubes  and  thence  to  the  atmosphere.  For  small  installations  and  mod- 
erate drying  this  source  of  heat  has  been  satisfactory  but  does  not 
have  the  capacity  or  efficiency  of  the  waste-heat  systems  that  utilize 
cooling  water,  engine  exhaust,  and  a  supplementary  furnace. 

Engine-Cooling- Water  Radiator,  Exhaust,  and  Oil-Burning 

Furnace 

The  combination  of  cooling-water  radiator,  exhaust  generator,  and 
oil-burning  furnace  is  the  most  complete  and  has  the  largest  capacity 
of  any  system  of  waste-heat  recovery  and  is  better  suited  to  the  larger 
establishments  and  more  difficult  drying  conditions.  Typical  exam- 
ples of  this  method  are  illustrated  in  figure  11,  which  shows  two  types 
of  factory-built  heat  generators.  The  latest  type  of  heat  generator  is 
materially  simplified  by  attaching  the  cooling-water  radiator  directly 
to  the  body  of  the  exhaust-heat-recovery  generator  and  building  the 
furnace  elements  in  turn  adjacent  to  and  as  a  part  of  the  exhaust 
generator.  In  the  earlier  factory-built  heat  generators  the  cooling- 
water  coils  were  usually  placed  on  the  suction  side  of  the  drying  fan, 
while  the  waste-heat  generator  and  supplementary  furnace  were  be- 
tween the  fan  and  the  drier.  In  the  latest  installations  the  entire 
system  is  on  the  discharge  side  of  the  fan,  whose  intake  is  arranged 
to  draw  from  the  engine  room  for  further  recovery  of  waste  heat 
normally  dissipated  by  the  running  engine. 

Other  Combinations  of  Engine  Waste-Heat  Recovery 

Waste -heat  recovery  apparatus  may  be  effectively  and  successfully 
combined  in  a  number  of  ways,  two  of  which  are  shown  in  figure  12. 
In  these  systems  the  waste  heat  is  extracted  from  the  cooling-water 
radiator  first,  and  the  partly  heated  air  is  then  passed  through  the 
exhaust-heat  generator,  which  may  be  provided  with  an  auxiliary 
furnace. 

On  the  other  hand,  heated  air  may  be  drawn  from  around  the  ex- 
haust stack  of  the  engine  (fig.  13,  J.),  or  from  in  front  of  the  engine 
radiator  (fig.  13,  B)  and  then  combined  with  ordinary  steam  radia- 
tion to  obtain  the   desired  temperature  of  the  drying  air.     Most 
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ginners  prefer  the  more  compact  and  effective  factory-built  waste- 
heat-recovery  apparatus. 

A  diagram  of  an  engine  waste-heat  recovery   system   used   with 
Diesel  engines  is  shown  in  figure  14. 


.;■  ■  .        .  .       .  .    .   . 


:^fx>  ^ 


Figure  11. — Installations  using  cooling  water,  exhaust  gases,  and  furnace:  A, 
Combined  into  a  single  unit ;  B,  with  radiator  detached. 
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Figure  12. — Combination  of  engine-cooling-water  radiator,  exhaust-heat  genera- 
tor and  hot  air:  A,  Where  radiator  is  a  separate  unit  but  exhaust  generator 
and  hot-air  furnace,  constructed  from  an  old  steam  boiler,  are  combined ;  Bf 
where  each  unit  is  separate. 
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Fiuuke  13. — A,  Heating  the  air  around  the  engine  exhaust  and  then  passing  to  a 
steam  radiator;  B,  intake  at  engine  radiator,  thence  passing  to  an  exhaust- 
heat  generator  and  furnace. 
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Figure  14. — Diagram  of  engine  waste-heat-recovery  generator  used  with  Diesel 
engines :  A,  Air-inlet  end  elevation :  B,  side  view ;  C,  engine  exhaust  connected 
to  generator ;  D,  plan  with  top  plates  removed. 
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The  following  drier  diagrams   (figs.  15-19)    supplement  the  descriptions  and 
photographs  of  the  different  sources  of  heat.     Some  driers  may  use  any  one  of 
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Figure  15. — Commercial  driers  now  on  the  market  using  several  sources  of  heat : 
A,  Unit  extractor-feeder  system ;  B,  multiple  conveyor-distributor  drier ;  C, 
spiked-drum  cleaner-drier ;  D,  ribbon-conveyor  cleaner-drier ;  E,  paddle-wheel- 
drum  cleaner-drier ;  F,  multiple-cylinder  axial-flow  air-line  drier ;  G,  revolv- 
ing-floor, vertical-cylinder  drier.  Drier  F  uses  steam  only ;  all  other  driers 
may  use  heat  from  any  of  the  sources  described  in  this  publication. 
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the  several  sources  of  heat,  while  others  are  restricted.  These  diagrams  indicate 
the  application  of  heat  principally  to  Government-designed  driers  developed  at 
the  Cotton  Ginning  Laboratory  and  provide  information  in  the  legends  if  more 
than  one  source  of  heat  may  be  utilized  on  a  drying  set-up. 
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Figure  16. — Government-designed  air-line  drier  shown  for  steam  heat,  but  suit- 
able also  for  furnace  in  lieu  of  radiator :  A,  Applied  to  mechanical  distributing 
system;  B,  applied  to  pneumatic  distributing  system. 
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Figure  17. — Vertical-drier  installation:  A,  Full-length,  17-floor  ground-leveL 
pressure  system;  B,  overhead  nine-floor  drier  combined  with  overhead 
cleaner ;  0,  Rembert-type  fan  and  pressure-tower  system.  Steam,  furnace,  or 
engine  waste  heat  may  be  used  on  driers  A  and  G;  steam  only  on  B. 
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Figure  IS. — Low-tower  cleaner-drier:  A,  One  fan  and  steam  heat  coils;  B, 
separate  drying  fan  that  uses  engine-cooling  water,  engine  exhaust,  and 
furnace  heat. 
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Figure  19. — Recent  developments  in  simplified  draw-through  drying  system  which 
is  suitable  for  any  source  of  heat.  Steam  or  oil-burning  furnaces  and  direct- 
Sred  gas  heaters  are  now  being  used. 
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